
ISSN: 0975 -8542 

   Journal of Global Pharma Technology 
 

Available Online at: www.jgpt.co.in 
 

RESEARCH ARTICLE 
 

©2009-2020, JGPT. All Rights Reserved                                                                                                                                                                                              635 
                                                                                                                                              

Preparation and In-Vitro, Ex-Vivo Evaluation of Oral Dosage Form 

Containing Mirtazapine Nano suspension 

Hiba Ezzat Hamed*, Ahmed Abas Hussein 

Department of Pharmaceutics, College of Pharmacy, University of Baghdad, Iraq. 

*Corresponding Author: Hiba Ezzat Hamed 

Abstract 

The aim of this study is to formulate and evaluate mirtazapine nanoparticles using solvent anti solvent 

technology. Mirtazapine is practically insoluble in water which acts as antidepressant. It is prepared as 

nano particles in order to improve its solubility and dissolution rate. Mirtazapine nanoparticles were 

prepared using anti-solvent precipitation method using different stabilizers (poloxamer 188, poloxamer 

407, TPGS and SLS) at drug: stabilizer ratio 1:1 and 1:2, alone and in combination. Mirtazapine 

nanoparticles were characterized by particle size analysis, percentage of drug entrapment efficiency, in 

vitro dissolution study, ex vivo study, Fourier transform infrared spectroscopy, differential scanning 

calorimetry and atomic force microscope. Freeze dried nanoparticles were compressed into tablets by 

direct compression method using different excipients which are microcrystalline cellulose PH 102, starch, 

and Mg stearate as diluent, binder, and lubricant; The results showed that the particle sizes were ranged 

from 272 to 691 nm at drug: stabilizer ratio 1:1 and from 146 to 572 nm at drug : stabilizer ratio 1:2. 

Stabilizers combination has good surface affinity and could form a substantial mechanical and 

thermodynamic barrier at the interface of dug molecule. As the concentration of stabilizer increases the 

particle size decreases at fixed drug concentration. % EE was ranged from 75.5% to 95.9%. On the other 

hand dissolution rate increasing as the particle surface area is increase due to reduction of particle size 

to the nano range. 
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Introduction 

Nano suspensions are colloidal dispersions of 

nanosized drug particles stabilized by 

surfactants. They can also be defined as a 

biphasic system consisting of pure drug 

particles dispersed in an aqueous vehicle in 

which the diameter of the suspended particle 

is less than 1μm in size [1]. Poor aqueous 

solubility of drugs is major limiting factor 

with many new drugs in their successful 

launch in market in spite of their potential 

pharmacokinetic activity [2].  

Several formulation techniques exist for the 

manufacturing of nanosuspension, 

precipitation has been applied to prepare 

submicron particles, especially for the poorly 

soluble drugs. Rapid addition of a drug 

solution to the anti-solvent leads to sudden 

super saturation of drug and formation of 

ultrafine crystalline or amorphous drug 

solids [3].Mirtazapine is an antidepressant 

drug used for the treatment of moderate to 

severe depression, molecular formula: 

C17H19N3 [4].  

The drug has bioavailability of 50 % due to 

first-pass metabolism, high protein binding 

(80%) and very high half-life (20-40 h) [5]. 

The aim of this study is to formulate and 

evaluate mirtazapine nanoparticles using 

solvent anti solvent technology.  

Materials and Method 

Materials 

Mirtazapine powder was purchased from 

(Hyper-chem, China), TPGS (Hangzhou, 

Hyperchem, China -9flower, China), SLS 

(Fine-Chem limited Mumbai, India), 

poloxamer 188 and poloxamer 407 

(HIMEDIA (Mumbai, India), methanol 

(Scharlau Chemie, S.A. Spain). All other 

chemicals were of analytical grade. 

http://www.jgpt.co.in/
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Preparation of Mirtazapine 

Nanosuspension 

Nanosuspensions of mirtazapine were 

prepared by the solvent evaporation 

technique, which is also termed as anti-

solvent precipitation method.  Mirtazapine 

powder was dissolved in methanol (4 ml) at 

room temperature. This was poured into 20 

ml of water containing different types of 

stabilizer (alone and in combination) 

maintained at room temperature and 

subsequently stirred at agitation speed of 500 

revolution per minute (rpm) on magnetic 

stirrer for 60 min.to allow the volatile solvent 

to evaporated [6]. The resultant organic 

solution of drug (organic phase) was added 

drop by drop by means of a plastic syringe 

positioned with the needle directly into 

aqueous solution of stabilizer. The ratios of 

drug to stabilizer used to prepare the 

nanosuspension were 1:1 and 1:2, as shown 

in Table (1, 2). 

 

Table 1: Composition of Mirtazapine  Nanosuspension Using Different Stabilizers at Drug: Stabilizer Ratio 1:1. 

Formula Mirtazapine 

(mg) 

Poloxamer188 

(mg) 

Poloxamer407 

(mg) 

TPGS 

(mg) 

SLS 

(mg) 

Methanol 

(ml) 

Water 

(ml) 

F1 15 15    4 20 

F2 15  15   4 20 

F3 15   15  4 20 

F4 15    15 4 20 

F5 15 7.5 7.5   4 20 

F6 15 7.5  7.5  4 20 

F7 15 7.5   7.5 4 20 

F8 15  7.5 7.5  4 20 

F9 15  7.5  7.5 4 20 

F10 15   7.5 7.5 4 20 

 
Table 2: Composition of Mirtazapine  Nanosuspension Using Different Stabilizers at Drug: Stabilizer Ratio 1:2 

Water 

(ml) 

Methanol 

(ml) 

SLS 

(mg) 

TPGS 

(mg) 

Poloxamer407 

(mg) 

Poloxamer188 

(mg) 

Mirtazapine 

(mg) 

Formula 

20 4    30 15 F11 

20 4   30  15 F12 

20 4  30   15 F13 

20 4 30    15 F14 

20 4   15 15 15 F15 

20 4  15  15 15 F16 

20 4 15   15 15 F17 

20 4  15 15  15 F18 

20 4 15  15  15 F19 

20 4 15 15   15 F20 

 

Evaluation of the Prepared 

Nanosuspension 

Particle Size and Size Distribution    

ABT-9000 USA particle size analyzer which 

is a dynamic light scattering works by 

measuring the intensity of light scattered by 

the molecules in the sample as a function of 

time, at scattering angle 90° and a constant 

temperature of 25 °C.  

The polydispersity index (PDI) which is  a 

measure of the width of the size distribution 

of each formula of LAF nanosuspension also 

determined, it is a measure of the 

distribution of particle size of nanoparticles 

obtained from a particle analyzer,  PDI  is  an 

index  of  spread  or  variation  or  width  

within  the particle  size  distribution.  Also, 

the analyzer determines the specific surface 

area of each sample [7]. 

Determination of Drug Entrapment 

Efficiency of Nanosuspension 

The freshly prepared nanosuspension was 

centrifuged at 6,000 rpm for 20 min. The 

supernatant solution was filtered and 

separated. 1 ml of this filtrate was diluted 

with water and the absorbance at maximum 

λ max was measured by UV 

spectrophotometer using water as blank. It 

was calculated by subtracting the amount of 

free drug in the supernatant from the initial 

amount of drug taken [8].  

In Vitro Dissolution Profile of 

Nanosuspension 

The dissolution was performed using dialysis 

membrane-60 (HIMEDIA) in 900 ml; it 

carried out by using USP type II apparatus. 

Samples of 5ml were withdrawn at 

predetermined intervals, and the samples 

were 5, 10, 15…120 min respectively), 

replaced with fresh dissolution medium. The 

samples were filtered through a 0.45µm 

membrane filter and diluted if necessary.   
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Absorbances of these solutions were 

measured at 315 nm using UV-visible 

spectrophotometer [9]. 

Ex- vivo Permeation Study 

The study was approved by rate intestinal 

animals (duodenum) was isolated and 

washed with buffer. The non-everted tissue of 

6 cm length was tied at one end and filled 

with 5 ml drug/formulation solution 

containing 15 mg drug and was tied at the 

other end, making the sac, injected with help 

of a tuberculin syringe and then tied. These 

segments were then tied onto the paddle of 

dissolution USP apparatus Type II and 

immersed in phosphate buffer (pH 6.8) 

medium.  

The study was performed at 50 rpm. The 

transported drug from the absorption 

compartment was sampled (5 ml) with 

replacement phosphate buffer (pH 6.8) at 5, 

10, 20, 30, 45, 60, 70, and 90 min and 

analyzed spectrophotometrically. The 

experiment was carried out in triplicate (n = 

3) using fresh dissolution medium as well as 

fresh intestinal segment each time [10].  

Freeze Drying of  Nanosuspension  

The principle of freeze drying method is that 

small amounts of a product will be frozen in 

and thereafter it will be placed under 

vacuum. The ice immediately changes into 

vapor, without to defrost first, also called 

sublimate. During process, the outside part 

will be the first part that dewaters.  

After that, the water is removed closer and 

closer till the core of the product. Hereby the 

structure of the product stays intact. Due to 

the vacuum the ice will evaporate 

immediately without turning into water 

again [11]. 

Formation of Mirtazapine Nanoparticles 

Tablet 

Mirtazapine formulated in to tablets by 

direct compression method containing drug 

equivalent to 15mg mirtazapine. All 

ingredients were properly mixed to gather 

then compressed in to tablets prepared by 

after freeze drying of formula (F15) that gave 

the best in vitro dissolution profile in minute 

in comparison with other nanoparticle 

formulas and pure drug, show as in Table (3) 

[12].  

The amount of nanoparticle tablets were 

prepared using Avicel PH102 (MCC), starch 

and, magnesium stearate as a diluent, binder 

,and  lubricant at different concentration and 

tested to obtain the optimum formula that 

show the accepted hardness and the best in 

vitro dissolution profile [13]. 

 

Table 3: Composition of  Mirtazapine Tablets 

Quantity per tablet (mg) Materials 

F 15b F 15a 

45 45 Lyophilized  Powder 

65 72 Avicel PH 102 (MCC) 

37 30 Starch 

3 3 Magnesium Stearate 

150 150 Tablet  Weight (mg) 

 

Precompression Studies of the Prepared 

Nanoparticle Powder 

The flowability of a powder is of critical 

importance in the production of 

pharmaceutical dosage forms in order to get a 

uniform feed as well as reproducible filling of 

tablet dies otherwise high dose variations 

will occur. The powder flowability of prepared 

mirtazapine tablets were characterized by 

angle of repose, Hauser's  ratio and carr’s 

index [14]. 

Evaluation of Mirtazapine Nanoparticle 

Tablets 

Tablets were evaluated for hardness test, 

friability test, content uniformity test and 

weight variation tests [15], and dissolution 

study. 

Effect of Concentration of Avicel pH102 

on the Dissolution of Tablet 

F15a and F15b were prepared using Avicel 

pH102 as a diluent in different concentration 

to determine the effect of its concentration on 

the dissolution profile of the prepared tablets. 

Effect of Addition Starch on the 

Dissolution of Tablet 

F15a and F15b were prepared using starch 

as a binder and drug carrier in concentration 

at 20%, 25% respectively. 
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 In Vitro Dissolution Profile of 

Mirtazapine Tablets  

An in vitro dissolution test was conducted in 

a dissolution apparatus according to the USP 

paddle method. The temperature was 

maintained at 37 ± 0.5°C, and the stirring 

rate was at 50 rpm.  

The commercial mirtazapine tablet 

accurately weighed bulk drug and 

nanosuspensions were dispersed in 900 ml of 

dissolution medium (0.1 N HCL).  5 ml 

samples were drawn, and the same volume of 

fresh dissolution medium was added at 5, 10, 

15, 20, 30, .120 min, respectively. Then, the 

samples were filtered through a 0.1-μm 

syringe filter immediately before dilution, 

when necessary. Drug content was 

determined with a UV spectrophotometer at 

315 nm for 0.1 N HCL (pH 1.2) [16]. 

Differential Scanning Calorimetry 

(DSC)  

DSC investigations were performed using 

DSC apparatus model DSC-6. Samples of 

about 5 mg of pure drug powder and selected 

formula   are placed in an aluminum pan and 

the experiment was carried out under 

nitrogen atmosphere at a flow rate of 40 

mL/min and scanning rate of 10°C/min in the 

range of 15-300°C [17]. 

Fourier Transforms Infrared 

Spectroscopy  

The Fourier transform infrared spectroscopy 

(FT-IR) spectra were recorded for pure drug 

and optimized formulation using KBr pellet 

technique. The pellets were prepared using 

KBr hydraulic press under hydraulic 

pressure of 150 kg/cm2. The spectra were 

scanned over 3600-400 cm-1 at ambient 

temperature with a resolution of 4 cm-1; 

using FT-IR 2500 apparatus and spectra 

were recorded [18]. 

Atomic Force Microscopy (AFM) 

The AFM is capable of scanning the surfaces 

in controlled environmental conditions and is 

complementary to SEM imaging. The  size 

and  surface  morphology  of  mirtazapine 

nanoparticle were confirmed  by  atomic  

force  microscopy  after drying of the  

formula. Samples were determined in 

tapping mode, exerting pyramidal cantilevers 

with Pt probes. All results were recorded 

under ambient laboratory condition and 

scanning frequency of 2Hz.  

Resonance frequency was 79.491 kHz and a 

constant force in the range 2.5-10Nm-1, 

driving amplitude 334.6mv. Silicon chip was 

newly operated by peeling off its upper layer 

to Form the sample. Particle size, 3D-

dimension graph and histogram of particle 

size distribution were obtained [19]. 

Statistical Analysis 

The results of the experiments are given as a 

mean samples ± standard deviation (SD) and 

were analyzed according to t-test and one 

way analysis of variance (ANOVA) using 

Sigma Plot 11 software at which the results 

would be significant if p<0.05, highly 

significant if p<0.01 and the results would be 

non - significant if p>0.05 . 

Results and Discussion 

Particle Size Analysis 

The particle size of F1-F4 at drug: stabilizer 

ratio 1:1 was ranged from  429 - 691 nm 

measured by particle size analyzer (as shown 

in Table 4) while for F11-F14 at drug : 

stabilizer ratio 1:2 the particle size ranged 

from  379-572 nm as in (Table 4) using 

poloxamer 188 , poloxamer 407 as primary 

stabilizers.  poloxamer stabilizer  gave larger 

particle size in both ratios 1:1 and 1:2 drug : 

stabilizer in F1, F2, F11 and F12 while SLS 

gave smaller particle size in both ratios 

1:1and 1:2 drug :stabilizer in F4 and F 14.  

Polydispersity index is a parameter used to 

define the particle size distribution obtained 

from the particle size analyzer. 

Polydispersity index gives degree of particle 

size distribution at range from 0.032 to 0.341 

at ratio 1:1 and 0.021 to 0.211 at ratio 1:2 

depending on formulation variables. The 

formula F10 showed lowest PDI (0.029) at 

drug: stabilizer ratio 1:1 and 0.114 at drug: 

stabilizer ratio 1:2, as seen in (Table 4); that 

indicate good uniformity of nanoparticle size.  

Uniformity of particle size is determined by 

polydispersity index values in which the low 

value means the best uniformity. The range 

of PDI values (0-0.05) means (monodisperse 

system), 0.05-0.08 (nearly monodisperse), 

0.08-0.7 (mid-range polydispersity), and >0.7 

(very polydisperse) [19].From the obtained 

results, one can conclude that the poloxamer 

188 and poloxamer 407 are suitable as a 

primary stabilizer for nanoparticles because 

of poor adsorption and affinity of poloxamer 

to the drug molecules [20]. 
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Effect of Combination of Two Polymers 

on the Size of Mirtazapine 

Nanoparticles 

The particle size of (F5-F10) of drug: 

stabilizer ratio 1:1 was ranged from 320-647 

nm (Table 4), (F15- F20) of drug: stabilizer 

ratio 1:2 was ranged from 146-449 nm (Table 

5). At ratio 1:1 drug : stabilizer large particle 

size gave in combination of TPGS and 

poloxamer 407 in F8  (647 nm), in 

formulation that has TPGS as a primary 

stabilizer as in F3 that has particle size 481 

nm, the addition of stabilizer has a 

paradoxical effect on nanoparticle 

stabilization and in F2 that contain 

poloxamer 407 as stabilizer has particle size 

444nm, while in combination of two stabilizer 

in F8 gave large particle size indicating poor 

stabilization, and their combination was not 

appropriate for mirtazapine 

nanosuspensions.  

The addition of stabilizer is not always 

beneficial for particle size reductions, which 

makes interaction between the polymer and 

drugs and increase the particle size for some 

drugs [21]. Nanoparticles formulation 

generally requires addition of appropriate 

stabilizers to lower the free surface energy of 

the nanoparticles and prevent particle 

aggregation and/or particle growth. The high 

surface free energy of nanoparticles is readily 

lowered by lowering the solid-liquid 

interfacial tension upon addition of 

surfactants [22].  

The formula F15 showed lowest PDI (0.021), 

as seen in (Table 2) at drug: stabilizer ratio 

1:2, that indicate good uniformity of 

nanoparticle size. Uniformity of particle size 

is determined by polydispersity index values 

in which the low value means the best 

uniformity when used two stabilizers 

(poloxamer 188+ poloxamer 407). 

Effect of the Type of Solvent on the 

Particle Size  

F1 show effect of solvent on particle size 

when used of ethanol instead of methanol get 

particle size 431nm when used ethanol while 

when used methanol particle size 429 nm 

therefore ethanol cannot effect the formula 

particle size, Ethanol as solvent produces 

very uniform-sized nanoparticles on 

precipitation [23].  

Effect of the Temperature on the 

Particle Size 

F2 show effect of temperature on particle size 

of formula when increase temperature from 

250C to 500C led to increase size of particle 

from 444nm to 635nm, an increase in 

temperature can alter the dynamic viscosity 

and the diffusion coefficient observed the 

effects of temperature on the stability of 

mirtazapine nano-suspensions. They found 

that, nano-suspensions stored at 40°C were 

unstable, compared to those stored at 25°C 

and 4°C [24]. 

 

Table 4: Particle Size, PDI and EE% of Formulas at Drug: Stabilizer Ratio 1:1 

Formula Stabilizers Particles size PDI EE% 

F1 Poloxamer 188 429 0.171 83.9 

F2 Poloxamer407 444 0.214 83.3 

F3 TPGS 481 0.228 86.2 

F4 SLS 272 0.082 89.1 

F5 Poloxamer188+Poloxamer407 342 0.178 89.3 

F6 Poloxamer188+TPGS 429 0.242 77.6 

F7 Poloxamer188+SLS 320 0.139 89.1 

F8 Poloxamer407+TPGS 647 0.341 76.5 

F9 Poloxamer407+SLS 376 0.115 85.1 

F10 TPGS+SLS 386 0.032 86.7 

 
Table 5: Particle Size, PDI and EE% of Formulas at Drug: Stabilizer Ratio 1:2. 

EE% PDI Particles size Stabilizers Formula 

88.2 0.079 383 Poloxamer188 F11 

93.7 0.192 401 Poloxamer407 F12 

79.6 0.025 394 TPGS F13 

89.9 0.035 203 SLS F14 

95.9 0.021 146 Poloxamer188+Poloxamer407 F15 

87.1 0.211 402 Poloxamer188+TPGS F16 

87.9 0.102 241 Poloxamer188+SLS F17 

93.6 0.153 449 Poloxamer407+TPGS F18 

89.8 0.133 273 Poloxamer407+SLS F19 

86.3 0.096 205 TPGS+SLS F20 
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Determination of Drug Entrapment 

Efficiency of Nanosuspension  

The  EE%  of  the formulations from 76.5%-

95.9 %   (Tables 4, 5) The  drug entrapment  

efficiency of  F15was  high when compared  

to  other  formulations.  Drug  - entrapment  

efficiency   addition  of  non-ionic  stabilizers 

(combination  of poloxamer 188 and 

poloxamer 407 )with  ratio  of  drug: 

stabilizer(1:2) with higher EE% (95.9)  in  

F15 which could be  due to  decreased 

partitioning of  mirtazapine  into the outer 

aqueous  phase  and  better  dispersion  

obtained  by  adding  a hydrophilic stabilizers 

[25]. 

Dissolution Study 

The  dissolution  profile  of  the  formulas  

that  in  nanosize were  studied  in 0.1N  

HCl,  the  results showed  that the  formula  

F15 that  contain  poloxamer 188 and 

poloxamer 407  stabilizers gave the best  

release in  20 min  in comparison with other  

formulas and  the formula shows a  

maximum cumulative percentage drug 

release of 100 % within 20 min. From the 

above result depending on the particle size 

and PDI will be the formula no. F15 which 

has the mean particle size (146 nm) and E 

E% (95.9). 

The release of F15 was compared with the 

pure drug in media of 0.1N HCl and in 

phosphate buffer pH6.8 (Figure 3) the 

maximum cumulative percentage drug 

release reach to 99.9 % within 20 minutes.  

In solution (pH 6.8) release of F15 reach 94.8 

% in 40 minutes. The obtained results are in 

good accordance with Noyes-Whitney 

equation which states that the increase in 

saturation solubility and the decrease in 

particle size lead to an increased dissolution 

rate [26].  
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Figure 1: In vitro drug release profile of mirtazapine formulation nanosuspension in 0.1N HCl at 37°C (F1, F2) 
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Figure 2: In vitro drug release profile of mirtazapine formulation nanosuspension in 0.1N HCl at 37°C (F3, F4) 
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Figure 3: In vitro drug release profile of mirtazapine formulation nanosuspension in 0.1N HCl at 37°C (F15, F16, F17) 
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Figure 4: Dissolution profile of mirtazapine (F15) nanosuspension in 0.1N HCl (pH 1.2) and in phosphate buffer 

(pH6.8) at 37Cº 

 

Ex- Vivo Permeation Study  

The absorption was estimated through the 

duodenum (proximal part) of the intestine, as 

mirtazapine mostly gets absorbed through 

the duodenum. The drug permeated across 

the intestinal wall and its concentration was 

measured in phosphate buffer solution.   

 

The absorption of drug in nanosuspension 

(F15) was observed to be significantly 

increased as show in Figure (5). The 

observations suggest that the reduction in 

particle size leads to increase in the 

permeation, concentration of the drug 

particles and eventually improves the 

absorption of the drug [27]. 
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Figure 5: Ex – Vivo Absorption of Mirtazapine Nanosuspension through Rat Intestine 
 

Drug Content in Lyophilized Powder 

The drug content result of lyophilized powder 

of the selected formula (F 15) 97.64% of 

mirtazapine when determined by UV-visible 

spectrophotometer at λmax 315 nm. 

Evaluation of Mirtazapine 

Nanoparticles Powder Flow ability 

Angle of repose and compressibility index of 

the powder of the formulas (F15a and F15b) 

was reported in Table 6. 

Table 6: Flow Properties of Prepared Blends of Mirtazapine Tablets Incorporating Drug Nanoparticles 

Formula Angle of repose Carr,s 

index 

Hausner ratio Physical property 

Angle of repose Carr,s index 

F15a 13.6 11.4 1.16 Excellent good 

F15b 21 27.5 1.34 good poor 

 

Evaluation of Mirtazapine Tablets 

The mechanical properties of pharmaceutical 

tablets are quantifiable by the friability, 

hardness or crushing strength. The hardness 

of all the formulas as shown in Table (7) had 

an acceptable value 7, 5.5 kg/cm2. The 

hardness of F15a containing MCC (Avicel) ® 

72 mg was 7kg /cm2 larger than F15b. 

During compression, MCC (Avicel)® PH 102 

is believed to undergo stress relief 

deformation by several mechanisms, this 

might be attributed to the hydrogen bonds 

formed among the hydroxyl groups of the 

adjacent cellulose particles of (Avicel)®, 

which are brought closely together by plastic 

deformation during compression, so that it 

produces hard tablets at low compression 

forces [28]. The loss in total weight of the 

tablets due to friability was found in all 

formulation, which indicated to be less than 

1% which was in accordance to the IP 

specifications for friability and which 

confirms the mechanical stability of tablets 

[29]. Physical properties of the prepared 

tablets, weight variation and drug content, 

demonstrated in Table (7). The weight 
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variation of F15a, F15b was within the 

pharmacopoeia limit which is ± 7.5% of the 

average weight. Weight variation of the 

prepared tablets was within the limit (199.2 

mg, 197.9 mg) and this indicates that there is 

no deviation from the limit of 7.5% of USP 

pharmacopoeia limits [30]. The content 

uniformity of the prepared formulas was 

within the accepted pharmacopeia limits 

(85%-115%) and this mean that all the 

formulations revealed good uniformity and 

had yielded results from 101%, 98.7 

respectively of the theoretical claim. 

 

Table 7: Mechanical Strength and Physical Properties of the Prepared Mirtazapine Incorporating Drug 

Nanoparticles 

Formula Hardness 

(kg/cm2) 
 

Friability 

% 

Weight variation (mg) Drug content (%) 

F15a 7 0.25 199.2 101 

F15b 5.5 0.67 197.9 98.7 

 

Effect of Concentration of MCC (Avicel) 

® on the Dissolution of Tablet 

The dissolution profiles of the prepared 

tablets were significantly (p<0.05) affected by 

the concentration of MCC (Avicel) ®. F15 a, 

which contain higher amount of MCC, 

maintains its ranking first in the dissolution 

profile in spite of larger hardness, but when 

the concentration of MCC decreased by 

addition of other excipient the release also 

decreased. MCC enhances drug dissolution 

by speeding tablet disintegration, and 

utilizes dual disintegration mechanisms of 

wicking and swelling for more rapid 

disintegration so that MCC act as dissolution 

enhancer [31]. 

Effect of Addition of Starch on the 

Dissolution of Tablet 

Starch was added to the prepared formula 

F15a and F15b at concentrations 20% w/w  

 

 

and 25% w/w as a binder and drug carrier; 

respectively. However, the addition of starch 

at low concentration (20% w/) was 

significantly (p<0.05) affect on the release of 

mirtazapine nanoparticles from F15a, while 

at high concentration (25% w/w) the release 

was (p<0.01) very slow. This may due to the 

effect of binder films that can form viscous 

gels on the granule surface and will retard 

dissolution [32]. 

In Vitro Dissolution Study of Tablet 

The release profiles of the prepared 

mirtazapine  tablets incorporating drug 

nanoparticles (F15a, F15b) and tablet 

marketing of mirtazapine as a reference were 

tested in 0.1N HCl (pH 1.2) and phosphate 

buffer solution (pH 6.8) as shown in Figures 

(6) and (7); respectively. In both media of 

dissolution velocity of mirtazapine from the 

nanoparticles tablets (F15a) was faster 

compared with F15b and the marketed tablet 

of mirtazapine. 

 

0

50

100

150

0 10 20 30 40 50

C
o

m
u

la
ti

v
e

 %
 

d
ru

g
 r

e
le

a
se

d

Time (minute)

Fa

Fb

marketed

Figure 6: Dissolution profile of prepared tablets and mirtazapine marketed in buffer (pH 1.2) at 50 r.p.m and 37ºC 

 

 
Figure 7: Dissolution profile of prepared tablets and mirtazapine marketed in buffer (pH 6.8) at 50 r.p.m and 37ºC 
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Fourier Transform Infrared 

Spectroscopy 

FTIR is one of the most widely reported 

spectroscopic techniques for solid-state 

characterization. IR spectroscopy of 

mirtazapine (Figure 8), N-H stretching 3439 

cm-1, Methyl group attached to a N2 atom 

gives rise to a band at 2932 cm-1 , Bands for 

C-C stretching of the phenyl group appeared 

at 1585 cm-1 and 1491 cm-1.  The primary 

aromatic amines with N directly on the ring 

give bands at 1336-1200 cm-1. The benzene  

 

ring C-H appears in the range of 1359-1074 

cm-1 and 788-636 cm-1 for the in plane and 

out of plane bending vibrations respectively 

[33, 34]. The characteristic bands of 

mirtazapine as lyophilized powder show N-H 

stretching 3466 cm-1. The benzene ring C-H 

appears 1109cm-1, C-H stretching vibrations 

band of methyl group at 3101.94 cm-1, Bands 

for C-C stretching of the phenyl group 

appeared at 1642 cm-1, as show in Figure 9. 

The FTIR study demonstrate that no 

physical or chemical interactions of 

Mirtazapine with other excipients [35]. 

 

 Figure 8: FT-IR Spectra of Mirtazapine Pure Powder 

 

 
Figure 9: FTIR spectrum of lyophilized powder 

 

Differential Scanning Calorimetry 

Figure (10) demonstrate DSC of mirtazapine 

showed sharp characteristic endothermic 

peak at 117ºC and this agrees with published 

results. This gives an indication that the 

drug has crystalline nature with high purity. 

For lyophilized powder, the melting point of 

mirtazapine disappeared giving a strong 

indication that the drug lost the crystallinity 

state and converted to an amorphous form 

[36]. 
 

 
Figure 10:  DSC Thermogram of Mirtazapine Pure Powder 
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Atomic Force Microscopy Study (AFM) 

AFM is akind of scanning probe microscopes 

(SPM). It is an instrument that measures the 

properties of surfaces. AFM is capable of 

scanning the surfaces in controlled 

environmental conditions and is 

complementary to SEM imaging. With the 

high precision of the AFM, in principle it is 

possible to determine the dimensions of 

nanoparticles with high accuracy. AFM 

allows the visualization of samples with 

resolution in three dimensions x-, y- and z-

directions in atmospheric or submerged 

conditions. The morphological analysis of 

mirtazapine pure powder performed by AFM 

showing spherical shaped nanoparticles.  

It was found to be stable and no aggregation 

of particles could be observed [37, 38]. The 

morphological analysis and particle size 

performed by AFM showing irregular to 

spherical shaped nanoparticles with a size of 

189 nm as seen in Figure (11).The 

formulation was found to be stable and no 

aggregation of particles could be observed.  

The particle size of F15 obtained by AFM was 

comparable to or equal to that measured by 

ABT-9000 nano laser and this agreement in 

particle size measurements provide the good 

size distribution and the stability of 

mirtazapine nanparticles [39]. 

 

 

 
Figure 11: AFM of F15 

 

Conclusion 

Nano particulate systems such as anti-

solvent precipitation have a great potential 

method, being able to convert poorly soluble 

mirtazapine. Poorly absorbed and labile 

biologically active substance in to promising 

deliverable drugs.    

References 

1. Rupali LS, Shashikant   ND, Nilesh K, 

Santosh L (2013) Nano suspension: A 

Review.  International Journal 

Pharmaceutical Sciences Research, 22(1):  

98-106. 

2. Vilas PB, Vinayta RA, Anirudha VM, 

Arunadevi SB, Sanjay B (2015) Strategies 

to Enhance Solubility and Dissolution of A 

Poorly Water Soluble Drug. Journal of 

Innovations In Pharmaceuticals and 

Biological Sciences,   2(4):  482-494 

3. Merin M, K Krishnakumar, B 

Dineshkumar, Smitha KN (2017) 

Antibiotics Nanosuspension: A Review. 

Journal of Drug Delivery and 

Therapeutics, 7(2):128-31. 

4. Hetal PT, Arpita AP, Nirav PC (2017) 

Formulation and Optimization of 

Mucoadhesive Micro emulsion Containing 

Mirtazapine for Intranasal Delivery. 

Chronicles of Young.  

5. Kenneth ME, Chika JM, Patience O, Rui 

K (2017) Pharmacokinetics Studies of 

Mirtazapine Loaded Nanoemulsion and Its 

Evaluation as Transdermal Delivery 

System. Journal of Chemical and 

Pharmaceutical Research, 9(3):74-84. 

6. M Abirami1, MJ Raja, P Mekala, P Visha 

(2018) Preparation and Characterization 

of NanoCurcumin Suspension. 

International Journal of Science, 

Environment and Technology, 7(1):100-3. 

7. Jassim ZE, Hussein AA (2014) 

Formulation and evaluation of Clopidogrel 

Tablet Incorporating Drug Nanoparticles.  

International Journal Pharmacy and 

Pharmaceutical Science, 6: 838-845. 



Hiba Ezzat Hamed & Ahmed Abas Hussein| Journal of Global Pharma Technology | 2020| Vol. 12| Issue 01 (Suppl.) |635-646 

©2009-2020, JGPT. All Rights Reserved                                                                                                                                           645 
                                                                                                                                    

8. Vijay KS, Preeti S, Dinesh C (2014)  

Formulation and Evaluation of Effect of 

Different stabilizer at Nanosuspension of 

Satranidazole .World Journal of Pharmacy 

and Pharmaceutical Sciences, 3(2):1367-

1377. 

9. Shailaja K, Naga R, Deepika B, Regupathi 

T (2017) Formulation and in Vitro 

Evaluation of Dissolving Tablets of 

Mirtazapine Using Sublimation Method. 

Innovate International Journal of Medical 

and Pharmaceutical Sciences, 2:48-55. 

10. Lakshmi PG, Srinivas A, Vobalaboina V 

(2016) Comparative Evaluation of 

Lyophilization, Spray Drying and Spray 

Granulation for Converting Quetiapine 

Nanosuspension in to Dry Powder. 

International Journal of Science and 

Research Methology. Human, 4(1): 89-117.  

11. Amolkumar Lokhande, Satyendra Mishra, 

Ravindra Kulkarni, Jitendra Naik (2013) 

Formulation and Evaluation of Glipizide 

Loaded Nanoparticles. International 

Journal of Pharmacy and Pharmaceutical 

Sciences, 5(4): 147-151. 

12. Manal KD (2013) Application of Quality by 

Design Principles To Study The Effect of 

Co-Processed Materials in The 

Preparation of Mirtazapine Orodispersible 

Tablets.  International Journal of Drug 

Delivery, 5(3): 309-22. 

13. Christoph  K, Veronika  B,  Atsutoshi  I,  

Jochen  S,  Geoffrey  L (2017) Formation of 

Mefenamic Acid Nanocrystals with 

Improved Dissolution Characteristics. 

Chemical Ingredient technique, 

89(8):1060-71. 

14. Prashant BP, Avinash GM, Kuldip HR, Y 

P Sharma, Sagar NP (2011) Mouth 

Dissolving Tablet: A review. International 

Journal of Herbal Drug Research, 1(2):22-

29. 

15. Haritha B (2017) A Review on Evaluation 

of Tablets. Journal of Formulation Science 

and Bioavailability, 1: 1-5. 

16. Dandan Liu, Heming Xu, Baocheng 

Tian, Kun Yuan, Hao Pan, Shilin 

Ma, Xinggang Yang,  Weisan Pan (2012) 

Fabrication of Carvedilol Nanosuspensions 

Through The Anti-Solvent Precipitation-

Ultrasonication Method for The 

Improvement of Dissolution Rate and Oral 

Bioavailability. APS Pharmaceutical 

Sciences Technology, 13(1):295-04. 

17. Randa M Zaki, Adel A Ali SFEMAAAB 

(2014) Formulation and In-Vitro 

Evaluation of Diacerein Loaded Niosomes. 

International Journal Pharmacy and 

Pharmaceutical Science, 6(2):515-21.  

18. Prakash S, Suryadevera V, Anne R, 

Reddyvalam LS, Kunam V (2015) 

Development and Characterization of A 

Novel Nanosuspension Based Drug 

Delivery System of Valsartan: A Poorly 

Soluble Drug. Asian Journal of 

Pharmaceutics.  January-March 9: 29-34. 

19. Manickam B, Shyam   SA (2013) 

Formulation and Evaluation of Chitosan 

Based Bioadhesive Drug Delivery Systems 

of Lisinopril For Prolonged Drug Delivery. 

Pelagia Research Library, 4(3):1-7. 

20. Dhiman S, Thakur GS (2011) 

Nanosuspension: A recent approach for 

nano drug delivery system. International 

Journal Current Pharmaceutical 

Research, 34: 96-101. 

21. Lee J, Choi JY, Park CH (2008) 

Characteristics of Polymers Enabling 

Nano-Comminution of Water Insoluble 

Drugs.  International Journal 

Pharmaceutical, 355: 328-36. 

22. Cerdeira AM, Mazzotti M, Gander B 

(2013) Formulation and Drying of 

Miconazole and Itraconazole 

Nanosuspensions. International Journal of 

Pharmaceutics, 443: 209-20. 

23. Anup  N, Thakkar  S, Misra  M (2018)  

Formulation of Olanzapine 

Nanosuspension Based Orally 

Disintegrating Tablets (ODT); 

Comparative Evaluation of Lyophilization 

and Electro Spraying Process As 

Solidification Techniques.  Advanced 

Powder Technology.  

24. Maaz A, Abdelwahed W, Tekko IA, Trefi S 

(2014) Influence of Nanoprecipitation 

Method Parameters on Nanoparticles 

Loaded with Gatifloxacin for Ocular Drug 

Delivery. International Journal Academic 

Science Research, 3(1):1-2.  

25. Maaz  A,  Abdelwahed  W,  Tekko  IA,  

Trefi  S (2014)  Influence of 

Nanoprecipitation Method Parameters on  

Nanoparticles Loaded with  Gatifloxacin  

for Ocular  Drug  Delivery. International 

Journal Academic Science Research, 3: 1. 

26. Attari Z, Bhandari A, Jagadish PC, Lewis 

S (2016) Enhanced Ex-Vivo Intestinal 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22246736
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3299468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3299468/


Hiba Ezzat Hamed & Ahmed Abas Hussein| Journal of Global Pharma Technology | 2020| Vol. 12| Issue 01 (Suppl.) |635-646 

©2009-2020, JGPT. All Rights Reserved                                                                                                                                           646 
                                                                                                                                    

Absorption of Olmesartan Medoxomil 

Nanosuspension: Preparation by 

Combinative Technology. Saudi Pharm 

Journal, 24(1): 57-63. 

27. Yongshou T, Xinlan X, Yang C, Liwei M, 

Yaqiong Z (2001) Preparation and in-Vitro/ 

in-Vivo Evaluation of Revaprazan 

Hydrochloride Nanosuspension. 

International Journal of Pharmaceutics, 

4(8):157-162. 

28. Ghorab M, Yasser S, Makky A, Badr-Eldin 

S (2013) Novel Rapidly Disintegrating 

Tablet of Sildenafil Citrate with Enhanced 

Stability: Design and In-Vitro Evaluation. 

International Journal of Pharmacy, 3: 28-

39. 

29. Manisha K, Nikhil M, Vilasrao K (2012) 

Formation Development and Evaluation of 

Acyclovir Orally Disintegrating Tablets. 

Journal of Applied Pharmaceutical 

Sciences, 2(3):101-05. 

30. Selvaraj B, Malarvizhi P, Shanmug P 

(2013) Development and in-Vitro 

Characterization Of Tramadol 

Hydrochloride Sustained Release Tablets. 

International Journal of Pharmaceutical 

Technology Research, 5(2):492-500. 

31. Levina M, Rajabi-Siahboomi A (2004) The 

Influence of Excipients on Drug Release 

from Hydroxypropyl Methylcellulose 

Matrices. Journal of Pharmaceutical 

Sciences, 93(1): 2746-2754.  

32. Yeole BD, Patil RP, Lone KD,  Tekade  AR 

(2016)  Preparation  of Nanoparticles  of  

Poorly  Water-Soluble  Dronedarone  by 

Anti - Solvent Addition Technique Using  

the Natural  Polymer As  A Stabilizer. 

Journal Pharmacy Research Clinical 

Practical., 6: 8-16. Seda GS, Ayse ES. 

33. Molecular Structure, FTIR, FT-Raman 

(2013) NMR Studies and First Order 

Molecular Hyper-polarizabilities by the 

DFT Method of Mirtazapine and Its 

Comparison with Mianserin. Spectroscopy 

chemical and Bio-Molecular 

Spectroscopies, 104(1): 222-234. 

34. Mehta MR, Khawala CK, Patel NC (2014) 

Formulation and Evaluation of Quick 

Dissolving Film of Mirtazapine. 

International Journal of Pharmaceutical 

Research and Bio- Science, 3(2): 950-968.  

35.  PV A (2013) Preparation and 

Characterization of Simvastatin 

Nanosuspension by Homogenization 

Method. International Journal of 

Pharmaceutical Technology Research, 

5(1): 193-197 

36. Shadab MD, Bradon CM, Sumeet J (2018) 

Development and in Vitro Evaluation of a 

Zerumbone Loaded Nanosuspension Drug 

Delivery System. Crystals, 8(1): 286-299. 

37. Sitterberg J, Zcetin A, Ehrhardt C, 

Bakowsky U (2010) Utilising Atomic Force 

Microscopy for the Characterisation of 

Nanoscale Drug Delivery Systems. 

European Journal of Pharmaceutics and 

Biopharmaceutics, 74: 2-13. 

38. Leedy H (2013) 3-Dimensional Profile 

Distortion Measured by Stylus Type Su 

Clark BC. rface Profilomete. 

Measurement, 4(6):803–14. 

39. Bailey N (2006) Characterizations of Drug 

Nanoparticles by Atomic Force 

Microscopy. NSTI-Nanotechology, 2: 739-

43. 

 


